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Impact of Repeated Out-Of-Feed Events  





Out-of-feed events are a growing 
problem in nursery and grow-finish­ 
facilities due to issues associated with 
feed delivery to bulk bins and bridg-
ing of feed in bulk bins.­ Reports of 
bridging are increasing as producers 
continue to reduce th­e fineness of 
grind for complete diets in order to 
improve feed conversion.­ A study 
was conducted to examine the effect 
of repeated out-of-feed events and diet 
particle size on barrow performance 
in a wean-to-finish­ facility beginning 
six weeks after weaning.­ Corn-soybean 
meal based diets were either coarse 
(1,266 microns) or medium ground 
(1,019 microns) for the duration of the 
experiment.­ Within particle size, pigs 
were never out-of-feed or denied access 
to feed for a 20-hour period beginning 
at noon on a random day each week 
for 16 weeks. For th­e first eigh­t weeks, 
weekly out-of-feed events reduced 
daily gain 0.­15 lb/day compared to the 
never out-of-feed treatment (P<0.­001) 
due to a reduction in daily feed intake 
(P=0.­00) with no effect on feed con-
version efficiency. Th­ere was no effect 
of out-of-feed events on daily gain or 
feed conversion for the second eight 
week period of the experiment.­ For the 
109-day trial period, weekly random 
20-hour out-of-feed events resulted in 
a 0.­077 lb/day decrease in daily gain 
with no effect on feed conversion.­ The 
247 micron reduction in average diet 
particle size resulted in a 0.­091 lb/lb 
improvement in overall feed conver-
sion (P=0.­001) for the coarse versus 
medium ground diets.­ There was no 
effect of any experimental treatment 
on skin lesion scores, a measure of pig 
welfare and injury from figh­ting at 
the feeder.­ There was no interaction 
of out-of-feed events and diet particle 
size.­ These results suggest that out-
of-feed events can have major conse-
quences for pig performance.­ However, 
pigs appear to adjust to weekly out-of-
feed events, even when they occurred 
on a random day within each week.­ 
The penalty for repeated out-of-feed 
events is a reduction in daily gain, 
with no impact on feed conversion, 
while the penalty for coarser ground 
diets is a worsening in feed conver-































































































































































































































































Table 1. Impact of experimental treatments on pig performance.
	 	 Out	of	feeda	 Particle	sizeb	 P	values
Item		 Never	 Weekly	 Coarse	 Medium	 SE	 OOF	 PS	 OOF	x	PS
No.	pens	 8	 8	 8	 8
Pig	wt,	lb
	 On	test	 53.2	 51.3	 52.3	 52.2	 0.7	 0.074	 0.941	 0.031
	 Day	53		 155.2	 145.3	 150.9	 149.6	 1.7	 0.001	 0.613	 0.197
	 Day	109	 261.8	 251.5	 257.6	 255.7	 2.3	 0.007	 0.559	 0.274
Coefficient	of	variation	of	pig	weigh­t	with­in	pen,	%
	 On	test	 17.4	 16.1	 16.3	 17.3	 1.6	 0.891	 0.099	 0.301
	 Day	53	 10.7	 10.9	 10.3	 11.3	 1.0	 0.881	 0.513	 0.997
	 Day	109	 8.1	 8.2	 7.5	 8.8	 0.7	 0.881	 0.230	 0.475
Daily	gain,	lb
	 On	test	-	day	53	 1.924	 1.774	 1.860	 1.838	 0.022	 <0.001	 0.482	 0.638
	 Day	53	-	day	109	 1.903	 1.894	 1.905	 1.891	 0.019	 0.746	 0.612	 0.246
	 Overall	 1.913	 1.836	 1.883	 1.866	 0.017	 0.008	 0.515	 0.651
Daily	feed,	lb
	 On	test	-	day	53	 4.421	 4.130	 4.344	 4.208	 0.056	 0.003	 0.113	 0.552
	 Day	53	-	day	109	 6.566	 6.465	 6.674	 6.358	 0.058	 0.240	 0.002	 0.525
	 Overall	 5.524	 5.329	 5.541	 5.311	 0.053	 0.023	 0.010	 0.497
Feed:gain
	 On	test	-	day	53	 2.298	 2.328	 2.335	 2.290	 0.013	 0.133	 0.032	 0.601
	 Day	53	-	day	109	 3.448	 3.413	 3.501	 3.359	 0.022	 0.291	 0.001	 0.700
	 Overall	 2.888	 2.901	 2.940	 2.849	 0.016	 0.545	 0.001	 0.612
Carcass	data,	Tyson	Fresh	Meats,	Madison,	Neb.
	 Carcass	wt,	lb	 206.3	 197.5	 201.6	 202.1	 1.7	 0.004	 0.839	 0.173
	 Fat	depth,	in	 1.02	 0.97	 0.98	 1.00	 0.02	 0.146	 0.518	 0.114
	 Loin	depth,	in	 2.75	 2.67	 2.72	 2.70	 0.02	 0.023	 0.553	 0.306
	 Lean,	%	 53.5	 53.5	 53.6	 53.4	 0.1	 1.000	 0.257	 0.021
Pigs	dead,	no.c	 2	 4	 2	 4
	 removed,	no.	 1	 1	 0	 2
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Table 2. Impact of experimental treatments on skin lesions and tail biting score (0 to 4 
scale).
	 Out	of	feeda	 Particle	sizeb	 P	valuec
Item	 Never	 Weekly	 Coarse	 Medium	 OOF	 PS	
Average	skin	lesions	score		 0.29	 0.26	 0.27	 0.27	 0.351	 0.808




Figure 1. Reduction in daily gain by two-week period for the out-of-feed treatment versus 
























































Figure 2. Reduction in daily feed by two-week period for the out-of-feed treatment versus 
the never out-of-feed treatment.
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A literature review on the effect of 
fostering or moving individual piglets 
from one litter to another after they 
are 24 to 48 hours of age was con-
ducted.­ Late fostering disrupts nurs-
ing, increases figh­ting, and impairs 
the growth rate of adopted piglets and 
their littermates.­ Pig body weight at 
weaning was reduced 1 to 24% in 
extensively fostered litters vs.­ those 
where no piglets were fostered after 48 
hours of age.­ No evidence was found 
that late fostering improves prewean-
ing survival.­ For the greater good of 
all piglets, producers are encouraged 
to resist the urge to even-up litters or 
foster individual piglets after they are 
24 hours old.­ Piglets that fall behind 
or grow slower than littermates after 
the initial fostering is done should be 
transferred to nurse sows where an 
entirely new litter(s) of older pigs is 
made.­ Milk replacers can also play a 
role in providing slower-growing or 
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Figure 1. Effect of fostering on day 6 + 1 of lactation on piglet body weight before and after weaning (day 18 + 1). aBody weight between 
fostered (adopted + resident) and control litters differed (P < 0.05); bBody weight between adopted and resident piglets differed 



































































































































Figure 2. Example of bump weaning.
2	to	3	day-old
fall-outs
(Continued on next page)



































Patterns of Drinking Water Use  
in Pork Production Facilities
Michael C. Brumm1
Summary and Implications
The amount of drinking water 
needed daily by the pig depends on 
numerous influences, including tem-
perature, diet, stage of production and 
health.­ Within a 24-hour period under 
th­ermal-neutral conditions, grow-fin-
ish and gestating swine demonstrate a 
peak in water usage in late afternoon 
while lactating females consume water 
more consistently throughout the day.­ 
In times of h­eat stress, grow-finish­ 
pigs alter their water usage pattern 
with a peak between 8 to 9 a.­m.­ and 
second peak around 5 to 8 p.­m.­ Daily 
drinking water needs for pigs range 
from less than 0.­5 gal/pig/day for 
newly weaned pigs to greater than 1.­5 
gal/pig/day for grow-finish­ pigs using 
nipple drinkers.­ Water requirements 
for breeding swine range from  to 4 
gal/day for gestating females and 6 
gal/day for lactating swine.­ Knowl-
edge of the daily water needs of pigs, 
and the patterns of water usage within 
the day allow for the appropriate siz-
ing of delivery devices and prediction 
of the impact of pork production on 
available water supplies.­ Daily chart-
ing of drinking water usage can serve 
as a predictor of the on-set of swine 
h­ealth­ ch­allenges such­ as swine influ-
enza.­ As more sophisticated methods 
become available to record water us-
age, other predictors of performance 




















































































Is there a relationship between daily 



































Figure 1. Impact of swine flu on daily water usage in a 860-head fully slatted finishing 

































































































Figure 2. Hourly drinking water use in a 24-crate farrowing room for one 18-day lactation 
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Figure 4. Effect of season on 24-hour water usage pattern in a 1200-head wean-finish facil-
ity five months after weaning in central Nebraska. Data courtesy Dicamusa.com.
Figure 5. Effect of season on 24-hour water usage pattern in a 600-head fully slatted wean-
finish facility in Southeast Minnesota when pigs averaged 195 to 210 lb body 









































































































Figure 6. Effect of season on 24-hour water usage pattern in a wean-finish facility in east-
























































































The business decisions pork pro-
ducers make are extremely important.­ 
Decisions increase in importance at 
the same time they become harder to 
make.­ In business management stud-
ies, time has been devoted to learn 
how such decisions can be made.­ Less 
study has been expended on how 
producers currently make decisions.­ 
In the United States, family produc-
ers have traditionally made decisions 
with information they could gather 
independently.­ The ability to create 
decision making information is dif-
ficult. Producers need to remember th­e 
key success item — that of effective 
management led by sound decisions.­ 
The process of decision making in-
volves skills and abilities that can be 
learned.­ Attitudes towards risk and 
perceptions of agriculture have in-
fluenced producers to make decisions 
th­at do not reflect just th­e economics 
of the production sector.­ Also, off-farm 
employment and federal program pay-
ments have an effect on farm exits and 
on those exiting the pork enterprise, 
but who remain in farming.­ Changing 
the perceptions and attitudes of these 
producers may enable good producers 
to become more positive about their 
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This article highlights practical 
applications for resources being devel-
oped using the Odor Footprint Tool 
and the effects of differing regional 
weather patterns on needed setbacks 
by describing resources created for 
the regions surrounding Norfolk and 
Lincoln, Neb.­ The Odor Footprint 
Tool is being developed to help people 
assess the odor impact of new and 
expanded animal production facilities 
on the surrounding areas and use sci-
ence-based information to establish 
minimum setback distances.­ Progress 
continues to be made toward develop-
ment of a system that can be used in 
th­e field to develop site-specific odor 
footprints.­ As an intermediate step 
in this process, regional sets of Odor 
Footprint Tool resources are being 
developed for more general use.­ Odor 
roses, directional setback distance 
curves, and odor footprints are being 
produced for six regions in Nebraska.­ 
Odor roses provide a descriptive 
picture of the directionality of odor 
annoyance within a region, indepen-
dent of the type or size of livestock 
facility involved.­ Odor roses are 
well suited for general planning and 
educational purposes where mainly 
the directional fate of odor emis-
sions is desired.­ Directional setback 
distance curves facilitate determin-
ing minimum setback distances in 
four 90-degree sectors around a site, 
based upon the total odor emission 
rate of the site.­ The total emission 
rate depends on the size and type of 
livestock housing and/or manure stor-
age facilities involved, and whether 
any odor control technologies are 
(Continued on next page)
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implemented.­ Directional setback 
distance curves are especially useful 
when principal setback distances are 
desired, and when a number of pre-
liminary comparisons are to be made.­ 
Odor footprints show curves similar 
to contour lines representing the lo-
cations around a livestock site that 
have common expected frequencies 
of odor annoyance.­ Odor footprints 
correspond to specific scenarios (h­av-
ing specific total odor emission rates) 
and are useful for visualizing the 
projected odor impact of an operation 
on the surrounding area.­ As livestock 
producers, their service providers, and 
regulatory officials begin to use th­ese 
resources, they should be better able to 
make reasonable decisions regarding 
the odor impact of livestock operations 
on surrounding neighbors and rural 
communities.­ Odor impact at a given 
location is presented in terms of the 
likelihood that odor will exist at an-
noying intensity levels.­ Producers can 
use the frequency of annoyance infor-
mation and the corresponding percent-
ages of time that odor annoyance is 
not expected (odor annoyance-free fre-
quencies) to help evaluate their risk of 
offending neighbors and to determine 
which neighbors are at greatest risk.­ 
This information will be helpful when 
evaluating sites and in determining 
th­e benefit of implementing proven 
odor control technologies.­ Also, regu-
latory officials will h­ave access to sci-
ence-based information that can form 
the basis of reasonable discussions at 
public hearings and be considered in 
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(Continued on next page)
Figure 1. Weather station locations for the six Nebraska regions for which Odor Footprint 













Figure 2. Odor roses for Norfolk (left) and Lincoln, Neb. (right). The extent of the radial 
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Odor	Emission	Rate	(x	104)	OU/s
Figure 3. Directional setback distance curves for regions surrounding Norfolk (top) 
and Lincoln (bottom), Neb. Graphs shown are for the direction of maximum 
projected odor impact. Graphs showing curves for the other three primary 
directions are available but not shown.




















































































































































































near	Lincoln	at	98%	odor-annoy- (Continued on next page)




































































Figure 4. Odor footprints for Norfolk (left) and Lincoln, Neb. (right) at total odor emission rates of 500 x 104 OU/s. Curves show locations 




























































































































Table 1. Sample ranges of setback distances (ft) for Norfolk and Lincoln, Neb., on regional odor footprints at total source emission rates 
of 500 x 104 OU/s.
	 Norfolk	(Northeast	Nebraska)	 Lincoln	(Southeast	Nebraska)
	 Odor-	 Smallest	setback	distance	 Largest	setback	distance	 Smallest	setback	distance	 Largest	setback	distance
	 annoyance-free		 	 	 	
	 frequency	 Direction	=	SW	 Direction	=	NW*	 Direction	=	East	 Direction	=	NNW
	 90%	 			300	 1,200	 			300	 1,200
	 98%	 1,600	 3,400	 1,200	 4,700





















Successful freezing, or cryo-
preservation, of embryos could greatly 
impact the pork industry, serving as 
a tool for conservation of valuable 
germplasm and enhancing biosecurity 
for transfer of genetic material.­ Pig 
embryos are very sensitive to cooling 
and few reports have shown successful 
developmental rates following freez-
ing.­ The objectives of this study were 
to determine th­e efficiency of freezing 
pig embryos using a microdroplet 
vitrification meth­od and to investi-
gate in vitro development of embryos 
from Chinese Meishan and occidental 
white crossbred females following 
cryopreservation at different stages of 
embryonic development.­ Preliminary 
studies using the microdroplet vitri-
fication meth­od for cryopreservation 
and embryo transfer into recipient 
females resulted in the birth of normal, 
live piglets indicating the effectiveness 
of this procedure.­ Rates of expanded 
blastocyst formation did not differ 
between Meishan and white crossbred 
nonfrozen, control embryos (98 and 
95%, respectively).­ Developmental 
rates were significantly h­igh­er for 
control embryos th­an vitrified embryos 
from both Meishan and white cross-
bred females at the expanded blasto-
cyst stage (P < 0.­001), but not at the 
hatched blastocyst stage.­ Following 
collection of embryos from Meishan 
and white crossbred females, cryo-
preservation and in vitro culture, the 
percentage of cryopreserved embryos 
alive after 24 hours of culture was 
higher for Meishan (72%) than white 
crossbred (44%; P < 0.­001) embryos.­ 
However, development of thawed, 
cryopreserved embryos that survived 
24 hours of culture was not differ-
ent for Meishan and white crossbred 
embryos at the expanded (64%) or 
hatched (22%) blastocyst stages.­ The 
optimal stages to vitrify pig embryos 
using the microdroplet method range 
from late compact morula to early 
expanded blastocyst.­ Our results sug-
gest that Meishan embryos have a 
higher capacity to survive the freezing 
process than white crossbred embryos, 
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Comparison of Development between 







































Comparison of Development between 





























Importance of Embryonic Stage on 
Survival Rates after Vitrification
The	survival	rate	was	much	
higher	for	embryos	of	both	breeds	
Figure 1. Vitrification and thawing aspects of the microdroplet protocol for cryopreserva-
tion of pig embryos. VS = vitrification solution. WS = warming solution. BECM 

























































Importance of Embryonic Stage on 




















percentages	at	different	stages	 (Continued on next page)

























































Figure 2. Comparison of embryo retrieval from cryovials (retrieval rate) and survival rate 
following cryopreservation of Meishan (M) and white crossbred (WC) embryos. 
Embryos were considered to have survived if they advanced a stage in develop-




























































Figure 3. Effect of cryopreservation on development of Meishan (M) and white crossbred 
(WC) embryos in vitro. * P < .05 vs. controls. The only breed effect detected was for 
rates of hatched blastocyst formation in the control treatment. ** P < .05 vs. WC.
























































































Figure 4. Effect of initial embryonic stage on survival rates of Meishan (M) and white 
crossbred (WC) embryos after cryopreservation. Embryos were considered to 
have survived if they advanced a stage in development following 24 hours of 
culture. Survival rates of all embryos were much higher for blastocyst/early 
expanded blastocyst than compacted 8-cell/early morula stages, regardless of 
breed (P < .01). The survival rate for M embryos was higher than WC embryos 
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Regulation of Pituitary Gene Expression
in Lines of Swine with Different
Ovulation Rates
of GnRH receptor and gonadotropin 
subunit gene expression were measured 
by quantitative PCR.­ Levels of gene 
expression for the GnRH receptor and 
gonadotropin subunits decreased fol-
lowing treatment with the GnRH an-
tagonist in pituitaries of gilts from the 
Index and Control lines; however, these 
values remained unchanged in pituitar-
ies from Meish­an gilts. Identification 
of unique genetic changes in swine 
strains with increased ovulation rates, 
such as the Chinese Meishan and the 
UNL Index selection line, may allow 
for a better understanding of prolifi-
cacy.­ This critical information may also 
be used to enhance litter size in other 




















































































Litter size plays a major role in 
the economics of pork production.­ Even 
modest increases in average litter size 
can have considerable effects on overall 
profitability. Two major components 
of litter size – ovulation rate and em-
bryonic survival – have been used in 
a selection index project ongoing for 
several generations at the University 
of Nebraska–Lincoln (UNL).­ Addition-
ally, the Chinese Meishan breed is one 
of th­e most prolific breeds, producing 
four to five more pigs per litter th­an 
white crossbred females.­ We inves-
tigated the role of the gonadotropin-
releasing hormone (GnRH) receptor 
and gonadotropin subunit genes in de-
termination of ovulation rate between 
lines of swine.­ Ten UNL Index and 
Control line white crossbred gilts and 
12 Meishan gilts were ovariectomized 
following three (Index and Control) or 
6 (Meishan) successive estrous cycles.­ 
After a 21-day recovery period, gilts 
from each line were treated with either 
a specific GnRH antagonist (SB-75; 10 
mg/kg of body weight) or 0.­9% saline at 
60, 6 and 12 hours prior to slaughter.­ 
Blood samples were collected prior to 
th­e first treatment and at slaugh­ter 
before anterior pituitary collection.­ 
Serum luteinizing hormone (LH) and 
follicle stimulating hormone (FSH) 
levels were determined by radioimmu-
noassay and RNA was extracted from 
anterior pituitary tissue.­ In all lines, 
LH was reduced to basal levels by SB-
75 treatment, confirming th­e efficacy 
of SB-75. In contrast, levels of FSH de-
creased only in Control gilts following 
treatment with­ SB-75. Pituitary levels 






































































































































































Figure 2. Serum LH levels prior to (Pre-OVX) and after (Post-OVX) ovariectomy and following treatment with the GnRH antagonist, 
SB-75, or vehicle in Control, Index and Meishan gilts. Each bar represents the least-squares mean + SEM of 5-6 gilts. Bars 
with superscripts are different than Pre-OVX groups (P < 0.05) and different superscripts indicate differences between lines 



























































Figure 3. Serum FSH levels prior to (Pre-OVX) and after (Post-OVX) ovariectomy and following treatment with the GnRH antagonist, SB-
75, or vehicle in Control, Index, and Meishan gilts. Each bar represents the least-squares mean + SEM of 5-6 gilts. Bars with su-
perscripts are different than Pre-OVX groups (P < 0.05) and different superscripts indicate differences between lines (P < 0.05).
































































































































Table 1. Change in GnRH receptor and gonadotropin subunit gene expression levels 
following treatment with a GnRH antagonist in lines of swine with differing 
ovulation rates. 
	 	 Genetic	Linea
Geneb	 Control	 Index	 Meishan
GnRH	receptor	 Decrease	 Decrease	 No	Change
Common	alpha-subunit	 Decrease	 Decrease	 No	Change
FSHbeta-subunit	 Decrease	 Decrease	 No	Change
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Two experiments were con-
ducted to determine th­e influence of 
sire line and dietary energy levels on 
grow-finish­ pig performance. In each­ 
experiment, dietary treatments were 
corn-soybean meal based diets with no 
added fat and corn-soybean meal based 
diets with fat added and soybean meal 
adjusted to maintain a similar lysine:
calorie ratio.­ Fat additions to the 
added fat diets ranged from .­75% for 
the 40 to 70 pound body weight period 
to 1.­5% for pigs over 220 pounds body 
weigh­t. With­in each­ of five ph­ases 
during th­e growing-finish­ing period, 
feed budgets were used to maintain 
a similar total caloric intake between 
experimental diets.­ In both experi-
ments, pigs were progeny of Danbred 
NA 20 females.­ In Exp.­ 1, the sire 
lines compared were Danbred NA 771 
versus Danbred NA 671.­ In Exp.­ 2, 
the sire lines compared were Danbred 
NA 771 versus Danbred NA 600.­ 
There were no interactions between 
sire line and dietary treatment in 
either experiment.­ There was no effect 
of dietary treatment on daily gain.­ In 
Exp.­ 1, feed conversion was improved 
6.­8% and in Exp.­ 2, feed conversion 
was improved .­7% for the fat added 
diets versus the control treatment.­ The 
lack of daily gain response, when com-
bined with the lack of a genetic inter-
action, suggests that for these genetic 
lines daily gain is not a consideration 




































































































































































































Table 1. Experimental diets.
	 Nursery	diets	 Grow-finish­	diets
Ingredient	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14
Corn	 	 920	 1105	 1195	 1340.2	 1210.3	 1430	 1304.6	 1547.5	 1429.1	 1644.2	 1576.6	 1688.3	 1644.4
46.5%	CP	SBM	 	 410	 525	 645	 609.8	 665.5	 522.6	 573.1	 407.3	 451.5	 315.1	 337.9	 271.6	 285.5
Fata	 	 20	 20	 60	 0	 75	 0	 75	 0	 75	 0	 45	 0	 30
Limestone	 	 	 	 	 17.4	 16.5	 16.7	 16.6	 16.5	 15.8	 16.2	 16	 15.9	 16
Dical	 	 	 	 	 15.7	 15.5	 14.1	 13.9	 12.7	 12.6	 10	 10	 11.7	 11.6
Salt	 	 	 	 	 8	 8	 8	 8	 8	 8	 7	 7	 6	 6
Akey	2000b	 2000
Akey	650	b	 	 650
Akey	300b	 	 	 350
Akey	100b		 	 	 	 100
Akey	4S	Premixb	 	 	 	 	 4	 4	 4	 4	 4	 4	 4	 4	 3.5	 3.5
L-lysine	 	 	 	 	 3.5	 3.5	 3.5	 3.5	 3.5	 3.5	 3	 3	 2.5	 2.5
Methionine		 	 	 	 	 0.9	 1.2	 0.6	 0.8	 0	 0	 0	 0	 0	 0
Natuphos	1200Gc	 	 	 	 	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5
	 	 2000	 2000	 2000	 2000	 2000	 2000	 2000	 2000	 2000	 2000	 2000	 2000	 2000	 2000
Pig	wt	range,	lb	 	 	 	 	 40-70	 40-70	 70-120	 70-120	 120-170	 120-170	 170-220	 170-220	220-mkt	220-mkt
Feed	budget,	lb/pig	 1.79	 7.14	 10.7	 20.8	 54	 51	 110	 104	 135	 128	 163	 158
Calculated	composition
	 ME,	Kcal/lb	 	 1452	 1449	 1490	 1510	 1595	 1513	 1597	 1516	 1600	 1520	 1571	 1521	 1555
	 Lysine,%	 1.60	 1.44	 1.37	 1.31	 1.20	 1.26	 1.08	 1.14	 0.93	 0.98	 0.79	 0.81	 0.71	 0.73
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Table 2. Effect of sire line on nursery performance in Exp. 1 – LS means are reported us-
ing arrival weight as a covariate, Exp. 1.
	 Sirea	 P	value
Item	 671	 771	 SE	 Sire	 Sire	x	trial
No.	pens	 10	 10
Pig	wt,	lb
	 Arrival	 15.6	 14.3
	 32	day	 45.7	 42.6	 0.5	 0.007	 0.763
Daily	gain,	lb	 0.963	 0.861	 0.016	 0.006	 0.662
Daily	feed,	lb	 1.316	 1.288	 0.039	 0.710	 0.583
Feed:gain	 1.362	 1.493	 0.034	 0.068	 0.299
aDanbred	NA,	Columbus,	Neb.
Table 3. Effect of sire line and diet on grow-finish performance in Exp. 1 – LS Means are 
reported using day 0 weight as a covariate.
	 Sire	linea	 Dietb	 P	values
	 	 	 	 	 	 	 	 Sire	x
Item	 671	 771	 Fat	 No	 SEM	 Sire	 Diet	 Diet
No.	pens	 12	 12	 12	 12
Pig	wt,	lb
	 Day	0	 44.9	 43.3	 44.1	 44.1	 0.2
	 Finalc	 284.5	 279.6	 284.3	 279.7	 2.5	 0.438	 0.212	 0.650
Daily	gain,	lb	 1.923	 1.885	 1.923	 1.885	 0.020	 0.460	 0.202	 0.638
Daily	feed,	lb	 5.163	 5.029	 4.965	 5.227	 0.053	 0.327	 0.003	 0.680




Table 4. Effect of sire line on nursery performance in Exp. 2 - LS means are reported us-
ing arrival weights as a covariate.
	 Sire	Linea	 P	value
Item	 600	 771	 SE	 Sire	 Sire	x	trial
No.	pens	 10	 10
Pig	wt,	lb
	 Arrival	 13.4	 14.3	 0.04
	 Finalb	 47.4	 47.3	 1.1	 0.951	 0.761
Daily	gain,	lb	 0.944	 0.940	 0.030	 0.942	 0.759
Daily	feed,	lb	 1.357	 1.316	 0.038	 0.583	 0.494
Feed:gain	 1.436	 1.400	 0.38	 0.583	 0.494
aDanbred	NA,	Columbus,	Neb.
b35	d	rep	1;	36	d	rep	2.
Table 5. Effect of sire line and diet on grow-finish performance in Exp. 2 – LS Means are 
reported using day 0 weight as a covariate.
	 Sire	linea	 Dietb	 P	value
	 	 	 	 	 	 	 	 Sire	x
Item	 600	 771	 Fat	 No	 SEM	 Sire	 Diet	 Diet
No.	pens	 12	 12	 12	 12
Pig	wt.,	lb
	 Day	0	 46.7	 47.8	 47.4	 47.1	 0.3
	 Finalc	 271.1	 269.8	 270.4	 270.6	 2.2	 0.737	 0.963	 0.456
Daily	gain,	lb	 2.045	 2.033	 2.038	 2.040	 0.020	 0.729	 0.951	 0.459
Daily	feed,	lb	 5.682	 5.634	 5.550	 5.766	 0.041	 0.490	 0.001	 0.814
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Effects of Feeding Increased Levels  





Increasing concentrations of vita-
min B12 were fed to 144 weanling pigs 
(weaned 13-14 days) in two, five-week 
trials.­ Pigs were fed one of six diets: 
NC, negative control, basal diet with-
out supplemented vitamin B12; or the 
basal diet with the inclusion of 100% 
(1X, 7.­94 μg/lb), 200% (2X, 15.­87 
μg/lb), 400% (4X, 1.­75 μg/lb), 800% 
(8X, 6.­49 μg/lb), or 1,600% (16X, 
126.­98 μg/lb) of NRC requirements 
for the 11- to 22-lb pig.­ Each trial was 
divided into two phases: phase 1, day 0 
- day 14 and phase 2, day 14 - day 5.­ 
Throughout phase 1, there were no dif-
ferences among treatments, although 
ADG (average daily gain) and ADFI 
(average daily feed intake) increased 
linearly (P< 0.­1).­ During phase 2, the 
inclusion of B12 resulted in a linear 
increase (P< 0.­05) in ADG with pigs 
receiving the 16X treatment (126.­98 
μg/lb) having the greatest gains (ADG 
= 1.­24 lb) in contrast with pigs receiv-
ing the control diet (ADG = 1.­08 lb).­ 
Average daily feed intake increased 
linearly (P< 0.­05) with pigs receiving 
the control diet consuming less (P< 
0.­1) than the 2X, 4X, 8X, and 16X 
treatments during phase 2.­ Overall 
(phase 1 and phase 2), ADG increased 
(P< 0.­01) as much as 0.­1 lb (16X 
treatment, 126.­98 μg/lb) over the 
negative control with the inclusion of 
vitamin B12.­ Increased concentrations 
of B12 resulted in a linear increase (P< 
0.­05) in ADG and ADFI overall.­ This 
study suggests that feeding levels of 
vitamin B12 above the NRC recom-
mendation may improve weight gain 
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Table 1. Composition of phase 1 and phase 2 dietary treatments (as-fed basis)
	 Phase	11,2	 Phase	21,3
Ingredients,	%	 NC	 1X	 2X	 4X	 8X	 16X	 NC	 1X	 2X	 4X	 8X	 16X
Corn		 31.81	 31.81	 31.81	 31.81	 31.81	 31.81	 45.09	 45.09	 45.09	 45.09	 45.09	 5.09
Soybean	meal,	46.5%	CP	 10.63	 10.63	 10.63	 10.63	 10.63	 10.63	 30.59	 30.59	 30.59	 30.59	 30.59	 0.59
Soy	protein	concentrate	 6.25	 6.25	 6.25	 6.25	 6.25	 6.25	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
Whey,	dried	 30.00	 30.00	 30.00	 30.00	 30.00	 30.00	 14.99	 14.99	 14.99	 14.99	 14.99	 4.99
Animal	plasma	 8.00	 8.00	 8.00	 8.00	 8.00	 8.00	 2.00	 2.00	 2.00	 2.00	 2.00	 2.00
Blood	cells	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 3.00	 3.00	 3.00	 3.00	 3.00	 3.00
Lactose	 4.00	 4.00	 4.00	 4.00	 4.00	 4.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00
Dicalcium	phosphate	 1.28	 1.28	 1.28	 1.28	 1.28	 1.28	 1.60	 1.60	 1.60	 1.60	 1.60	 1.60
Limestone	 0.69	 0.69	 0.69	 0.69	 0.69	 0.69	 0.53	 0.53	 0.53	 0.53	 0.53	 0.53
Sodium	chloride	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30
Corn	oil	 5.00	 5.00	 5.00	 5.00	 5.00	 5.00	 3.00	 3.00	 3.00	 3.00	 3.00	 3.00
Mecadox®	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00
UNL	mineral	mix4	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15
UNL	vitamin	mix5	 0.25	 0.25	 0.25	 0.25	 0.25	 0.25	 0.25	 0.25	 0.25	 0.25	 0.25	 0.25
Zinc	oxide	 0.40	 0.40	 0.40	 0.40	 0.40	 0.40	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30
L-lysine	•	HCl	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.10	 0.10	 0.10	 0.10	 0.10	 0.10
DL-methionine	 0.11	 0.11	 0.11	 0.11	 0.11	 0.11	 0.10	 0.10	 0.10	 0.10	 0.10	 0.10
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Figure 1. Phase 1, phase 2, and overall growth responses of 10- to 45-lb pigs. a) ADG (average daily gain), b) ADFI (average daily feed 
intake, c) ADG/ADFI. NC = negative control, 1X = 100% (7.94 μg/lb), 2X = 200% (15.87 μg/lb), 4X = 400% (31.75 μg/lb), 8X = 800% 















NC	 1X	 2X	 4X	 8X	 16X
 Phase 1 Phase 2 Overall
























NC	 1X	 2X	 4X	 8X	 16X
 Phase 1 Phase 2 Overall




























NC	 1X	 2X	 4X	 8X	 16X
 Phase 1 Phase 2 Overall
	 SEM	=	0.017	 SEM	=	0.012	 SEM	=	0.010
a,bBars	(means)	without	a	common	letter	are	different	(P	<	0.05).
a	 b	 ab	ab	ab	 ab	 a	 b	 ab	ab	 b	 b
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Effects of Nutrition During Gilt
Development on Lifetime Productivity of 
Sows of Two Prolific Maternal Lines: Growth 










This report is an annual update 
of an ongoing experiment initiated in 
2005 to investigate effects of energy 
restriction during gilt development 
on reproduction through four parities.­ 
Gilts of two genetic lines expected to 
differ in rate of growth are used and 
are developed with either ad libitum 
access to feed or are restricted in en-
ergy to 75% of ad libitum amounts 
from approximately 120 days of age 
to breeding.­ Semen of the same sires, 
an industry maternal line, was used 
to produce gilts of both lines, but 
their dams were from two uniquely 
different populations.­ Dams of one 
line were an industry Large White x 
Landrace (LW x LR) cross and dams 
of the other line were from a Nebraska 
line (Line 45) selected 2 generations 
for increased ovulation rate, uterine 
capacity, and litter size (L45X). Both­ 
lines are expected to be prolific, but 
L45X females are expected to be extra 
prolific, being earlier maturing and 
having larger litters; whereas LW x 
LR gilts are expected to have greater 
rates of lean growth.­ The experiment 
is being conducted in three replica-
tions with 160 gilts per replication.­ 
Replication 1 gilts completed the gilt 
development phase in summer of 2005 
and were mated for December 2005 
litters.­ Replication 2 gilts were born 
in May 2005 and are currently in the 
gilt development phase.­ Replication  
gilts will be born in November 2005.­ 
The project will terminate when Rep-
lication  females wean their fourth 
parity litters.­ This report summarizes 
growth rate, backfat and longissimus 
muscle deposition, and age at puberty 
in Replication 1 gilts.­ Lines differed in 
growth rate, LW x LR cross gilts grew 
faster than L45X gilts, but at the same 
weights, lines had similar backfat and 
longissimus muscle area.­ L45X gilts 
were younger at puberty.­ Restricting 
intake during the gilt development 
period affected both lines similarly, re-
ducing growth rate and backfat depo-
sition, but did not affect longissimus 
muscle deposition.­ The objectives of 
the experiment are being accomplished 
and will answer the question of 
whether energy restriction during gilt 
development, and thus less backfat at 
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Table 1. Numbers of gilts starting the trial, numbers removed because they were un-
thrifty, numbers expressing their pubertal estrus, and mean age at puberty for 
gilts in each group.
	 	 	
	 	 No.	 No.	 No.	 No.
	 	 at	56	 removed	 removed	 expressing	 Mean
Population	 Nutritional	 days	 56	to	123	days	 123	to	236	days	 pubertal	 age	at
	 regimen	 of	age	 (unthrifty)	 	(unthrifty)	 estrus	 puberty
LW	X	LR	 Ad	libitum	 40	 0	 0	 38	 173.2
	 Restricted	 40	 0	 0	 34	 167.5
L45X	 Ad	libitum	 40	 3	 1	 35	 161.1
	 Restricted	 40	 2	 0	 37	 167.3
Population	 	 	 	 	 	 *




Figure 1. Average daily feed intake plotted against mid-weight per two-week period for 
LwxLR (solid lines) and L45X (dashed lines) gilts developed with ad libitum 























































































Figure 2. Regressions of weight on age for LW x LR (solid lines) and L45X (dashed lines) 
gilts developed on ad libitum access to feed (T1 = bold lines) or 75% of ad libi-




















Figure 3. Regressions of backfat on weight for LW x LR (solid lines) and L45X (dashed 
lines) cross gilts developed with ad libitum intake (T1 = bold lines) or 75% of ad 






















Figure 4. Regressions of longissimus muscle area on weigh for LwxLR (solid lines) and 
L45X (dashed lines) gilts developed with ad libitum intake (T1 = bold lines) or 
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Effect of Low-Protein Non-Amino Acid  
Supplemented Diet and Ractopamine  
(Paylean®) on Growth Performance and  






When feeding excessive amounts 
of protein, the nitrogen eliminated 
by the pigs in swine facilities has an 
important impact in the environment.­ 
Th­erefore, it is important to define 
nutritional strategies that promote 
a more efficient use of protein.  Th­is 
study was conducted to evaluate the 
effect of a low-protein non-amino acid 
supplemented diet and ractopamine 
(Paylean®) on performance of late-
finish­ing pigs. Th­irty-six finish­ing 
barrows and gilts with an initial body 
weight of 15.­4 lb were used in a 42-
day experiment.­ Pigs were penned 
individually and had ad libitum access 
to feed and water.­ The pigs were ran-
domly allotted to one of four dietary 
treatments with different dietary 
protein (10 or 16 % CP) and ractopa-
mine (0 or 20 ppm) concentrations.­ 
Body weigh­t and feed disappearance 
were measured weekly.­ Average daily 
gain (ADG), average daily feed intake 
(ADFI), and feed efficiency (ADG/
ADFI) were calculated. Blood samples 
were collected weekly by venipuncture 
and serum was collected.­ Data were 
analyzed as repeated measures and by 
orthogonal contrast (to examine dif-
ferences among means).­  There were 
treatment differences for ADG (P 
< 0.­05) for the overall experimental 
period with the highest ADG (2.­26 lb/
day) corresponding to the pigs receiv-
ing 16% CP and 20 ppm ractopamine.­ 
There was no ractopamine effect on 
serum urea nitrogen (SUN) for any 
weekly period or overall.­  Average dai-
ly feed intake was lower for diets with 
16% CP compared to diets with 10% 
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CP, (P < 0.­05).­  For diets with 10% 
CP (vs.­ 16% CP), ADG/ADFI was 
lower (P < 0.­05).­ There was an effect 
of protein on ADG and ADG/ADFI 
(P < 0.­05), but not on SUN or ADFI.­ 
The lack of an effect of ractopamine 
on ADG, ADFI, ADG/ADFI or SUN 
was possible due to an inadequate 
protein or amino acid intake.­ Rac-
topamine tended to increase growth 
performance.­ In summary, the highest 
CP concentration used in this experi-
ment failed to provide an adequate 
amino acid supply to allow ractopa-
mine to increase growth performance 
of late-finish­ing pigs. It appears th­at 
ractopamine requires dietary CP 
concentrations greater than 16% to 
improve growth performance in late-




























































































Table 1.  Ingredient and calculated nutrient composition of the experimental diets, as-fed 
basis.
	 Dietary	Protein	Concentration,	%
Item,	%	 10	+	0	ppm	 10+	20	ppm		 16	+	0	ppm		 16	+	20	ppm
	 RACa	 RAC	 RAC	 RAC
Corn	 89.1	 89	 74.02	 73.92
Soybean	meal,	46.5%	CPb	 5.5	 5.5	 20.75	 20.75
Tallow	 3	 3	 3	 3
Dicalcium	phosphate	 1.05	 1.05	 0.95	 0.95
Limestone	 0.7	 0.7	 0.625	 0.625
Salt	 0.3	 0.3	 0.3	 0.3
Vitamin	mixc	 0.2	 0.2	 0.2	 0.2
Trace	mineral	mixd	 0.15	 0.15	 0.15	 0.15
Paylean®		 —	 0.1	 —	 0.1
Calculated	composition
ME,	Mcal/lbe	 1.58	 1.57	 1.58	 1.57
CP,	%	 10	 10	 16	 16
Total	lysine,	%	 0.39	 0.39	 0.77	 0.77
Calcium,	%	 0.6	 0.6	 0.6	 0.6









(Continued on next page)
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Table 2. Response of average daily gain (ADG), average daily feed intake (ADFI), feed efficiency (ADG/ADFI), and serum urea nitrogen 
concentration (SUN) to 10 or 16% crude protein and 0 or 20 ppm ractopamine diets.
	 Dietary	protein	concentration,	%	 P	values
	 	 10	+	0	ppm	 10	+	20	ppm		 16	+	0	ppm		 16	+	20	ppm	
	 	 RACa	 RAC	 RAC	 RAC	 SEMb	 CPc	 RAC	 CP	x	RAC	 SEM
Total	number	of	pigs	 9	 9	 9	 9
	 Barrows			 5	 5	 4	 4
	 Gilts	 4	 4	 5	 5
	 Initial	weight,	lb	 152.80	 153.1	 154.66	 153.42	 1.95	 0.68	 0.76	 0.68	 3.83
	 Final	weight,	lb		 221.26d	 223.86d	 241.58e	 250.21e	 4.295	 0.01	 0.24	 0.55	 5.99
Day	0
	 SUN,	mg/100	mL	 8.91	 8.00	 8.66	 10.07	 1.39	 0.359	 0.799	 0.241	 0.988
Day	0	to	7
	 ADG,	lb	 1.68x	 1.91x	 2.55y	 2.48y	 0.253	 <0.0001	 0.669	 0.402	 0.178
	 ADFI,	lb	 5.68	 5.64	 5.44	 5.17	 0.429	 0.230	 0.601	 0.715	 0.301
	 ADG/ADFI,	lb/lb	 0.29x	 0.33x	 0.47y	 0.46y	 0.037	 <0.0001	 0.521	 0.371	 0.026
	 SUN,	mg/100	mL	 11.24x	 12.09xy	 12.21xy	 14.16y	 1.39	 0.129	 0.158	 0.577	 0.988
Day	7	to	14
	 ADG,	lb	 1.58x	 1.99xz	 2.26yz	 2.60y	 0.253	 0.0004	 0.040	 0.790	 0.178
	 ADFI,	lb	 5.75	 6.38	 5.77	 5.81	 0.330	 0.258	 0.163	 0.222	 0.235
	 ADG/ADFI,	lb/lb	 0.27x	 0.31x	 0.39y	 0.45y	 0.028	 <0.0001	 0.027	 0.642	 0.02
	 SUN,	mg/100	mL	 10.84	 12.10	 12.21	 13.18	 1.39	 0.216	 0.259	 0.881	 0.988
Day	14	to	21
	 ADG,	lb	 1.82xy	 1.56x	 1.87y	 2.29y	 0.253	 0.032	 0.669	 0.056	 0.178
	 ADFI,	lb	 5.90xz	 6.45x	 5.70z	 6.12xz	 0.370	 0.305	 0.072	 0.815	 0.262
	 ADG/ADFI,	lb/lb	 0.30x	 0.23y	 0.33xz	 0.37z	 0.031	 0.007	 0.466	 0.008	 0.022
	 SUN,	mg/100	mL	 11.76	 11.83	 13.42	 13.36	 1.39	 0.108	 0.991	 0.946	 0.988
Day	21	to	28
	 ADG,	lb	 1.39x	 1.65xy	 2.03y	 1.98y	 0.253	 0.007	 0.530	 0.396	 0.178
	 ADFI,	lb	 5.70	 6.27	 5.72	 5.72	 0.370	 0.336	 0.271	 0.292	 0.262
	 ADG/ADFI,	lb/lb	 0.24x	 0.26x	 0.35y	 0.34y	 0.025	 <0.0001	 0.806	 0.307	 0.018
	 SUN,	mg/100	mL	 12.14	 11.60y	 14.37z	 13.46	 1.39	 0.039	 0.462	 0.851	 0.988
Day	28	to	35	
	 ADG,	lb		 1.78x	 1.59x	 1.95xy	 2.30y	 0.253	 0.015	 0.667	 0.134	 0.178
	 ADFI,	lb	 5.97	 6.10	 5.57	 5.92	 0.399	 0.320	 0.396	 0.684	 0.281				
	 ADG	/ADFI,	lb/lb	 0.29xz	 0.25x	 0.34xyz	 0.37y	 0.036	 0.001	 0.876	 0.195	 0.025
	 SUN	,	mg/100	mL	 11.70	 11.47	 14.16	 12.87	 1.39	 0.052	 0.443	 0.591	 0.988
Day	35	to	42
	 ADG,	lb	 1.49x	 1.38x	 1.71xy	 2.04y	 0.253	 0.014	 0.545	 0.220	 0.178
	 ADFI,	lb	 6.63	 6.34	 5.94	 5.99	 0.623	 0.252	 0.792	 0.703	 0.449
	 ADG/ADFI,	lb/lb	 0.22	 0.21	 0.32	 0.34	 0.067	 0.017	 0.840	 0.768	 0.047
	 SUN,	mg/100	mL	 11.68	 11.56	 13.97	 13.9	 1.39	 0.019	 0.945	 0.963	 0.988
Day	0	to	42	
	 ADG,	lb	 1.62x	 1.68x	 2.06y	 2.26z	 0.129	 <0.0001	 0.149	 0.390	 0.092	
	 ADFI,	lb	 5.94xy	 6.19x	 5.68y	 5.79y	 0.324	 0.160	 0.437	 0.740	 0.229
	 ADG/ADFI,	lb/lb	 0.27x	 0.27x	 0.37y	 0.39y	 0.016	 <0.0001	 0.416	 0.279	 0.011
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Effect of Dietary Crude Protein Versus
Crystalline Amino Acids on Growth
Performance, Serum Insulin-Like Growth 
Factor-I Concentration, and IGF-I mRNA







Fifty-six crossbred gilts with an 
initial body weight of 7 lb were used 
in a 26-day growth study.­ The pigs 
were randomly allocated to one of sev-
en dietary treatments and individually 
penned (8 replicates/treatment).­ The 
dietary treatments consisted of four 
standard corn-soybean meal diets, 
which were formulated by changing 
the corn and soybean meal (10, 14, 18, 
and 22% CP) ratio and three low-pro-
tein, amino acid-supplemented diets 
formulated to contain similar lysine, 
methionine, tryptophan, and threonine 
concentrations as the corn-soybean 
meal diets (10% CP + AA,14% CP 
+ AA, and 18% CP + AA).­ Pig and 
feeder weights were recorded weekly 
for the determination of ADG, ADFI, 
and feed efficiency (ADG/ADFI). 
Blood samples were collected weekly 
and analyzed for plasma urea and 
Insulin-like Growth Factor –I (IGF-I) 
concentrations.­ On day 26, real-time 
ultrasound backfat and longissimus 
muscle area measurements were re-
corded and used for the calculation of 
fat-free lean gain.­ There was no differ-
ence (P > 0.­10) in ADFI among treat-
ments throughout the 26-day period.­ 
Pigs fed the corn-soybean meal diets 
(14, 18, and 22% CP) had greater 
ADG (1.­81 versus 1.­68 lb; P < 0.­05) 
and ADG/ADFI (0.­44 versus 0.­40 lb/
lb; P < 0.­05) than pigs fed the reduced 
CP amino acid-supplemented diets 
(10% CP + AA, 14% CP + AA, and 
18% CP + AA) throughout the experi-
ment.­ Fat-free lean gain increased as 
dietary CP or total amino acid con-
centration increased (P< 0.­01); how-
ever, no differences (P > 0.­40) were 
observed between gilts fed the corn-
soybean meal (78 g/day) versus CP 
amino acid-supplemented diets (68 
g/day).­ Increasing dietary CP or total 
amino acid concentration increased 
serum IGF-I concentrations on day 
26 (P < 0.­01).­ Serum concentration 
was different (P < 0.­05) between gilts 
fed the corn-soybean meal versus low-
CP, amino acid-supplemented diets 
(505 vs.­ 445 ng/mL, respectively).­ 
Real-time PCR results indicated an 
effect (P < 0.­05) of dietary treatment 
on mRNA expression in the liver and 
semitendinosus muscle.­ Also, IGF-I 
mRNA expression was greater (P < 
0.­01) in the semitendinosus muscle 
and adipose tissue of gilts fed corn-
soybean meal diets compared to gilts 
fed low-protein, amino acid-supple-
mented diets.­ These results suggest 
that the form of dietary amino acid 
supplementation affects serum IGF-I 
concentrations and mRNA expression 
in semitendinosus muscle and adipose 
tissue.­ The interaction between diet 
and the pig’s growth potential are 
complex.­ The form and quantity of 
dietary amino acids impact this inter-
action.­ These results provide a basis to 
explore how diet affects the metabolic 



































































































































Table 1. Ingredient and chemical composition of diets, as-fed basis.
	 	 	 	 	Dietary	protein	concentration,	%
Item		 10	 14	 10+AA	 18	 14+AA	 22	 18+AA
Ingredient,	%
	 Corn		 89.10	 79.00	 89.10	 69.10	 78.95	 59.00	 69.10	
	 Soybean	meal,	46.5%	CP	 5.50	 15.75	 5.50	 25.75	 15.75	 36.00	 	25.75
	 Tallow	 3.00	 3.00	 3.00	 3.00	 3.00	 3.00	 3.00	
	 Dicalcium	phosphate	 1.05	 1.00	 1.05	 0.95	 1.00	 0.85	 0.95
	 Limestone	 0.70	 0.65	 0.70	 0.58	 0.65	 0.55	 0.58
	 Salt	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30
	 Vitamin	premix	a	 0.20	 0.20	 0.20	 0.20	 0.20	 0.20	 0.20	
	 Mineral	premix	b	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15
	 L-lysine•HCl	 —	 —	 0.20	 —	 0.215	 —	 0.22
	 Threonine	 —	 —	 0.036	 —	 0.036	 —	 0.045
	 Tryptophan	 —	 —	 0.096	 —	 0.105	 —	 0.105
	 Methionine	 —	 —	 0.033	 —	 0.033	 —	 0.039
Composition,	%
	 CP	c	 10.05	 13.92	 10.37	 18.11	 14.55	 22.01	 18.30
	 Lysine	d	 0.39	 0.65	 0.65	 0.92	 0.92	 1.19	 1.19
	 Calcium	d	 0.60	 0.60	 0.60	 0.60	 0.60	 0.60	 0.60
	 Total	phosphorus	d	 0.23	 0.23	 0.23	 0.23	 0.23	 0.23	 0.23






(Continued on next page)



































































































































































































































































Table 2. Effect of protein concentration and crystalline amino acids on growth performance of growing gilts.
	 Dietary	treatment	 Main	Effects	a
	 	 	 	 	 	 	 	 	 	 	 	 CP	vs
Item		 	 10	 14	 10+AA	 18	 14+AA	 22	 18+AA	 SEM	 TRT	 AA
Total	number	of	pigs	 8	 8	 8	 8	 8	 8	 8
Growth	performance
	 	 Initial	wt,	lb	 73.18	 72.54	 73.18	 73.05	 73.43	 72.76	 72.85	 1.940	 NS	 NS
	 	 Final	wt,	lb	 99.97	 113.51	 104.91	 122.11	 122.00	 123.88	 123.88	 2.992	 <	0.01	 NS
	 d	0	to	26	 ADG,	lb	b	 1.04	 1.56	 1.21	 1.90	 1.87	 1.96	 1.96	 0.104	 <	0.01	 <	0.05
	 	 ADFI,	lb	c	 3.86	 4.08	 3.64	 4.26	 4.30	 4.17	 4.17	 0.181	 NS	 NS
	 	 ADG/ADFI,	lb/lb	 0.26	 0.39	 0.33	 0.45	 0.44	 0.47	 0.47	 0.012	 <	0.01	 <	0.05	
Ultrasound	measurements
	 Initial	 Backfat,	in	 0.32	 0.31	 0.30	 0.31	 0.31	 0.31	 0.31	 0.016	 NS	 NS
	 	 LMA	d,	in2	 2.14	 2.05	 2.20	 2.12	 2.09	 2.12	 2.19	 0.087	 NS	 NS
	 Final	 Backfat,	in	 0.42	 0.43	 0.37	 0.39	 0.42	 0.40	 0.39	 0.022	 NS	 NS
	 	 LMA,	in	 2.62	 3.16	 3.45	 3.72	 3.52	 3.70	 3.79	 0.128	 <	0.01	 NS








(Continued on next page)
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Table 3. Effect of protein concentration and crystalline amino acids on carcass measuremnts of growing gilts.
	 Dietary	treatment	 Main	Effectsa
Item		 10	 14	 10+AA	 18	 14+AA	 22	 18+AA	 SEM	 TRT	 CP	vs	AA
Total	number	of	pigs	 8	 8	 8	 8	 8	 8	 8
Carcass	measurements
	 Hot	carcass	wt,	lb	 67.80	 77.24	 74.31	 86.19	 86.02	 86.94	 89.19	 2.622	 <	0.01	 NS
Midline	backfat	
First-rib,	in	 1.12	 1.09	 1.04	 1.06	 1.08	 1.06	 1.05	 0.046	 NS	 NS
	 Tenth-rib,	in	 0.54	 0.49	 0.55	 0.52	 0.56	 0.57	 0.56	 0.036	 NS	 NS
	 Last-rib,	in	 0.50	 0.47	 0.47	 0.46	 0.49	 0.52	 0.48	 0.035	 NS	 NS
	 Last	lumbar,	in	 0.44	 0.43	 0.44	 0.46	 0.45	 0.48	 0.44	 0.029	 NS	 NS
Other	carcass	measurements
	 Tenth-rib,	in	 0.38	 0.34	 0.28	 0.31	 0.34	 0.27	 0.31	 0.036	 NS	 NS
	 LMAb,	in2	 2.78	 3.62	 3.94	 4.24	 4.07	 4.42	 4.26	 0.147	 <	0.01	 NS
	 Carcass	length,	in	 24.54	 25.78	 24.66	 25.76	 25.66	 25.86	 26.67	 0.281	 <	0.05	 <	0.05




Table 4. Effect of protein concentration and crystalline amino acids on organ weights of growing gilts.
	 Dietary	treatment	 Main	Effects	a
Item		 10	 14	 10+AA	 18	 14+AA	 22	 18+AA	 SEM	 TRT		 CP	vs	AA
Total	number	of	pigs	 8	 8	 8	 8	 8	 8	 8
Empty	body	weight,	lb	 94.51	 109.15	 100.99	 118.65	 119.36	 120.33	 121.25	 2.710	 <	0.01	 NS
Organ	weights
	 Heart,	g	 219	 219	 212	 216	 216	 205	 199	 6.14	–	8.3	 NS	 NS
	 Liver,	g	 1,054	 983	 895	 971	 941	 1,050	 930	 29.2	–	39.2	 <	0.01	 <	0.01
	 Kidney,	g	 186	 188	 167	 210	 192	 230	 208	 6.3	–	8.5	 <	0.01	 <	0.01
	 Lungs,	g	 527	 574	 510	 526	 534	 568	 511	 31.1	–	41.9	 NS	 NS
	 Pancreas,	g	 78	 80	 78	 87	 87	 86	 89	 5.3	–	7.1	 NS	 NS
	 Stomach,	g	 369	 367	 365	 327	 353	 342	 320	 9.1	–	12.3	 <	0.02	 NS
	 Small	intestine,	g	 1,089	 1,136	 1,012	 988	 1,137	 1,199	 1,064	 70.4	–	94.8	 NS	 NS
	 Large	intestine,	g	 906	 846	 808	 750	 697	 779	 705	 30.2	–	40.7	 <	0.01	 <	0.05
	 Mesentary,	g	 877	 780	 807	 703	 670	 636	 601	 36.4	–	48.9	 <	0.02	 NS	
art	=	comparison	of	seven	dietary	treatments,	CP	vs	AA	=	comparison	corn-soybean	meal	diets	(14,	18,	and	22%	CP)	versus	low-protein,	ami-
no	acid	supplemented	diets	(10%	CP	+	AA,	14%	CP	+	AA,	and	18%	CP	+	AA),	and	NS	=	nonsignificant	effect,	P	>	0.10.
Table 5. Effect of protein concentration and crystalline amino acids on carcass accretion of growing gilts.
	 Dietary	treatment	 Main	Effects	a
Item		 10	 14	 10+AA	 18	 14+AA	 22	 18+AA	 SEM	 TRT	 CP	vs	AA
Total	number	of	pigs	 8	 8	 8	 8	 8	 8	 8
Cold	carcass	weight,	lb	 66.64	 76.18	 72.50	 84.87	 85.55	 85.44	 87.87	 2.434	 <	0.01	 NS
	 Accretion	rates,	g/day
	 Protein	 40	 67	 70	 117	 116	 119	 128	 5.7	 <	0.01	 NS
	 Water	 106	 212	 199	 339	 333	 353	 369	 20.7	 <	0.01	 NS
	 Fat	 175	 133	 149	 164	 182	 149	 169	 17.6	 NS	 NS
	 Ash	 10	 15	 13	 18	 18	 17	 16	 1.1	 <	0.01	 NS
aTrt	=	comparison	of	seven	dietary	treatments,	CP	vs	AA	=	comparison	corn-soybean	meal	diets	(14,	18,	and	22%	CP)	versus	low-protein,	
amino	acid	supplemented	diets	(10%	CP	+	AA,	14%	CP	+	AA,	and	18%	CP	+	AA),	and	NS	=	nonsignificant	effect,	P	>	0.10.













































































































	 	 a	b	 a	b	 a	b	 a	b
 d0 d7 d14 d21 d26
	 SEM	1.329	 SEM	1.712	 SEM	1.726	 SEM	2.228	 SEM	1.877
















	 d0 d14 d26
	 SEM	36.548	 SEM	31.550	 SEM	33.159
aTrt	Effect	P	<	0.01
bCP	vs	AA	P	<	0.05
10%	CP	 14%	CP	 10%	CP	+	AA	 18%	CP
14%	CP	+	AA	 22%	CP	 18%	CP	+	AA
(Continued on next page)






























































































Figure 4. Effect of dietary treatment on longissimus muscle IGF-I mRNA expression.
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	 10	 14	 10	+	 18	 14	+	 22	 18	+
	 	 	 AA	 	 AA	 	 AA
CP	vs	AA	P	<	0.01
SEM	=	2.078
(Continued on next page)
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Gene maps of livestock are rapidly 
being developed and have led to an 
explosion of knowledge in recent years 
about genes affecting economic traits.­ 
One potential application of this 
information that would have major 
economic value is in selection of live-
stock for resistance to disease.­ Even 
though much has been learned about 
Porcine Reproductive and Respiratory 
Syndrome Virus (PRRSV) since it 
was first identified, PRRSV continues 
to cause significant economic losses in 
many herds.­ Traditional approaches 
to manage PRRSV can be effective, 
but may be costly and have not always 
resulted in permanent control.­ This 
is a disease for which application of 
molecular genetic knowledge to select 
for resistance would h­ave significant 
economic advantages.­ An experiment 
was initiated at Nebraska to investi-
gate possible genetic variation among 
pigs in response to PRRSV.­ Pigs 
from two populations were infected 
with PRRSV, responses over 14 days 
were recorded, and tissues were col-
lected at necropsy for gene expression 
studies.­ Phenotypic data, including 
body weights and rectal temperatures, 
viremia, and lung lesion scores, pro-
vided substantial evidence that genetic 
variation in response to PRRSV ex-
ists.­ With that knowledge, we devel-
oped an index of high (H) and low (L) 
responders, indicating susceptible and 
resistant phenotypes, and measured 
expression differences in lung and 
bronchial lymph node of 11 immune 
function genes between H and L pigs.­ 
Ten of these genes, involving both in-
nate and acquired immune function, 
were expressed differently in lung 
and/or lymph tissue.­ They tended to 
be up-regulated (expressed at greater 
levels) in H pigs.­ We demonstrated 
that genetic variation in response to 
PRRSV exists and that both innate 
and acquired genes are involved.­ We 
have not yet determined whether selec-
tion for the immune function genes 
involved or levels of the proteins they 
produce will be effective in selecting 
for PRRSV resistance.­ Results will 
be helpful in additional investigations 
aimed at developing methods to select 
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Table 1. Overall line means and means for the seven high (H) and low (L) responders 
within each line based on Principal Component Index.
	 Line	I	 Line	HD
Item	 Overalla	 Hb	 Lc	 Overalla	 Hb	 Lc
Viremia,	log10	CCID50/ml
Serum,	day	4	 4.17	 4.39	 4.11	 4.54	 5.11	 3.10
Serum,	day	7	 3.91	 4.47	 3.20	 4.40	 5.13	 3.64
Serum,	day	14	 3.00	 4.49	 0.50	 3.59	 5.29	 2.51
Lung	 3.96	 5.07	 2.40	 4.45	 4.71	 4.21
Lymph	 2.55	 3.33	 1.31	 3.12	 3.70	 2.66
Body	weight	change,	lb
Day	0	to	4	 0.71	 0.18	 1.28	 0.64	 -0.09	 1.17
Day	4	to	7	 0.73	 -0.02	 2.03	 0.13	 -0.40	 0.82
Day	7	to	14	 2.98	 0.68	 4.87	 1.57	 -1.26	 3.97
Rectal	temperature	change,	oF
Day	0	to	4	 1.66	 1.96	 .59	 3.17	 1.42	 3.49
Day	4	to	7	 1.04	 1.80	 1.19	 1.48	 2.45	 -0.11
Day	7	to	14	 -0.30	 0.65	 -1.81	 -0.65	 -5.11	 -0.47
Lung	lesion	score

























Table 2. Differences in gene expression levels (Ct values) between infected (I) and 
uninfected (UI) pigs, between infected susceptible (H+, high responders) and 
infected resistant (L+, low responders), and between uninfected littermates (-) of 
H and L class pigs.
	 Lung	 Bronchial	lymph	node
Gene	 I	-	UI	 H+	-	L+	 H-	-	L-	 I	-	UI	 H+	-	L+	 H--	L-
IFNA	 -0.03	 -0.88	 -0.71	 -0.53**	 -0.60	 -0.48
IFNG	 -2.15**	 -2.40**	 -1.36**	 -2.18**	 -1.43**	 0.25
IL15	 -0.12	 -1.51	 -0.76	 -0.15	 -1.73	 -0.82
STAT1	 -0.82**	 -1.59*	 -0.88	 -0.82**	 -0.56	 0.00
IL1B	 -2.03**	 -1.38*	 0.21	 -0.38	 -1.66**	 0.89
IL12B	 -1.22**	 -0.31	 1.02	 -0.69*	 -0.16	 0.66
CSF2	 -1.10**	 -0.71	 0.28	 -0.73**	 0.23	 0.48
IL8	 -2.26**	 -1.80*	 -0.24	 -2.02**	 -2.17*	 0.98
IL10	 -0.43	 -2.53**	 -1.75**	 -0.68*	 -1.76*	 -0.42
IL6	 -0.06	 -0.81	 -0.50	 -0.56*	 -0.60	 0.14













































































































































standard errors of means (SEM)	
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